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ponds hereafter).  Although the central marsh does occasionally show dangerous levels of 
toxicity, the highest and earliest levels are always recorded within these salt ponds, with 
the toxicity in the central marsh delivered there from the localized blooms.  In all cases, 
the salt ponds have deeper central portions (kettle holes), with water exchange with the 
central marsh limited by shallow, restricted inlet channels.  Figure 15 shows the 
distribution of cysts in Nauset Estuary in 2008, 2009, and 2011.  Figure 16 shows a time 
series of Alexandrium cell abundance between March and May 2009.  Clearly, there is a 
strong linkage between the location of the cyst accumulations and the origins of the 
Nauset blooms, with cells first appearing in Mill Pond, then Town Cove and Salt Pond, 
with low abundances observed in the central marsh, and no connectivity between the 
three salt ponds. 

 
Figure 15. Contour maps of Nauset Estuary mean A. fundyense cyst 

concentrations (cysts/cm3) in: (left) 2008, (center) 2009, and (right) 
2011.  Gray circles indicate sample sites (From Ralston et al., 2015). 

 
There are two reasons why these three locations are persistent hot spots for Alexandrium 
and toxicity.  The first is that they are accumulation zones for the cysts of Alexandrium 
because of their bathymetry and hydrography.  As flood tide-dominated systems, Salt 
Pond, Mill Pond, and Town Cove accumulate fine sediments year after year, and cysts 
behave like that fine sediment fraction.  Cysts that are formed within the central marsh 
tend to be disbursed with other fine sedimentary material, much of which ultimately 
accumulates in kettle holes like the salt ponds and the areas that have silted in near their 
inlets.  The bulk of the Alexandrium cysts formed within Nauset Estuary are thus retained 
within the salt ponds. 

The second mechanism that leads to the hotspots results from a combination of the 
bathymetry and configuration of the salt ponds and the behavior of Alexandrium. 
Alexandrium swims vertically in the water column, seeking the appropriate amount of 
sunlight for photosynthesis in surface waters, while also swimming downward to access 
nutrients that are often found in deeper waters.  This is termed diel vertical migration. 
Alexandrium, however, does not swim to the very surface of the water, but instead finds 
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suitable sunlight 1.5 - 2.5 meters deep (Anderson and Stolzenbach 1985).  This means 
that the top of the vertical ambit of Alexandrium tends to be below the depth of the 
shallow inlet channel.  Thus the water that leaves the salt ponds on ebb tides contains few 
cells compared to those retained within the ponds.  The population is thus retained within 
the ponds, dividing and accumulating, and reaching dangerous levels of toxicity.  For 
example, Salt Pond has had closures due to toxin levels above quarantine action limits in 
23 of the past 26 years. Similar numbers hold for Mill Pond and Town Cove. 

 
 

Figure 16. Distribution of Nauset Estuary A. fundyense cells (cells L-1) between 
March 24 and May 27, 2009.  Maximum number of cells for Mill 
Pond, Town Cove and Salt Pond indicated in the white squares.  
White dots indicate sample sites (From Crespo et al., 2011). 

 

Another important feature of the Alexandrium bloom dynamics is that the cysts in bottom 
sediments do not just sit at the surface of those sediments.  Bioturbation (i.e. mixing by 
worms and other bottom-dwelling animals) as well as physical mixing from storms and 
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currents can bury the cysts.  It is common to find more cysts a few centimeters below the 
surface than there are at the surface, as shown in a core profile taken in Roberts Cove, 
immediately adjacent to Mill Pond (Figure 17).  However, dinoflagellate cysts require 
oxygen for germination (Anderson et al. 1987), and typically oxygen is only found in the 
top centimeter or less of bottom sediments.  This means that cysts that are buried below 
that layer typically do not germinate and participate in the bloom formation in the spring. 
Instead, they remain dormant and either eventually die, or are mixed to the sediment 
surface or the water column by storms, bioturbation, or other disturbances.  There are 
reports that Alexandrium cysts can live in anoxic sediments for decades (Keafer et al. 
1992); there are even reports of successful cyst germination that were over 100 years old 
(Ribeiro et al. 2011).  Clearly, activities that might resuspend deep cyst deposits (i.e., 
dredging) have the potential to introduce cysts that otherwise would not have germinated, 
into conditions that would be favorable for germination. 

One important conclusion from Figure 17 and from many other cyst profiles in sediment 
cores is that in Nauset Estuary, Alexandrium cysts are quite low in abundance below 10 
cm (D. M. Anderson, unpub. data).  For this reason, the cyst abundance in the top 0-10 
cm layer is most important when considering the impacts of dredging operations. 

 

Figure 17. Vertical profile of Alexandrium cyst abundance (cysts/cm3) from 
Roberts Cove in the Nauset Estuary. 
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It is also important to recognize other factors that regulate the timing and extent of 
Alexandrium cyst germination.  Foremost among these is seasonality in germination that 
is internally controlled by a “clock” mechanism.  The timing or phasing of this 
“endogenous clock” is in turn regulated by temperature.  It is a complicated process that 
is still under active investigation, but for the purpose of this discussion, suffice it to say 
that most newly formed cysts that are deposited in the summer or fall from Alexandrium 
blooms typically cannot germinate during the early winter because of a combination of 
maturation processes and clock regulation.  Germination is typically possible beginning 
in January or early February, but the rate of that germination is controlled by ambient 
temperatures.  In very cold winters, germination is delayed until waters reach 4-6 oC.  At 
those temperatures, the cysts can germinate, but the Alexandrium vegetative cells that are 
produced grow very slowly, if at all, again because of non-optimal temperatures.  An 
indication of the growth potential of A. fundyense from Roberts Cove is described in a 
study by Watras et al. (1982).  In general, a temperature range for survival and growth 
between 5.5 and 24 oC was observed.  There was no growth at 5.5 oC, but the cells did 
not die.  At 8.5 oC, the rate ranged from 0.08 to 0.2/day depending on salinity.  The 
maximum growth rate was 0.44/day, at 22.5 oC.  A broad optimum for growth occurred 
between 13 and 22.5 oC.  

Interestingly, Alexandrium cells also do not germinate or grow when it becomes too 
warm (Anderson 1998).  Typical summer temperatures of 23-28 oC are inhibitory in this 
regard. 

Some useful information is presented in Figure 18, which shows multiple blooms of 
Alexandrium in Roberts Cove from 2009 to 2015, as well as the bottom temperature, and 
the rate of cyst germination at ambient temperatures.  Bloom initiation tends to vary 
interannually, with the earliest cells seen in February, but more often, March.  Peak 
motile cell concentrations occur in April and May, and the blooms terminate in late May 
and early June.  Anomalous years like 2012 (yellow curve in Figure 18) show a shifted 
bloom dynamic, but otherwise the same general shape. 

The middle panel of Figure 18 shows the germination success of cysts at ambient 
temperatures.  This would be analogous to the situation if sediments containing cysts 
were resuspended or dumped into the oxygenated surface waters during a dredging 
operation.  The pattern indicates that germination does occur in the fall and early winter, 
but is generally near zero in January and February, increasing thereafter.  Note that the 
lack of germination in the mid- and late-summer months (June – September) is due to 
newly deposited cysts being immature at the time of the incubation.  Cysts that were 
mature but buried in anoxic sediment layers would be expected to germinate at those 
times. 
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Figure 18. Alexandrium motile cell and cyst dynamics from Roberts Cove in 
Nauset Estuary.  Top panel:  A. fundyense cell abundance by month.   
Middle panel:  Cyst germination success in surface sediment samples 
collected and incubated at the ambient water temperature.  Bottom 
panel:  temperature (oC). (From A. Fischer, unpub. data). 

 
2015 red tide cyst assessment 

To evaluate current red tide conditions in Nauset Estuary sediment cores were collected 
at 10 sites on December 10, 2015 for analysis of red tide cysts (Figure 19).  The sample 
locations were planned to coincide with previous red tide cyst analyses conducted by 
others.  A push-core sampling device equipped with a 2 5/8 inch inner diameter clear 
polycarbonate barrel was used to collect the cores.  To ensure sufficient retrieval depth, 
the cores were pushed to a penetration depth of 1.5 feet.  A piston assembly inside the 
core barrel was used to create suction, thereby preventing excessive compaction during 
core barrel penetration, and loss of sediment from the bottom of the barrel during 
recovery.  This method provided an undisturbed sediment core of at least 10 cm in length.  
Upon collection, the cores were packed in ice and stored at 4 oC in the dark for a 
maximum of 36 hours prior to processing using standard techniques (Anderson et al., 
1982, 2005a). 
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In brief, the cores were extruded such that the 0-1 cm sediment layer was carefully 
retained, and the 1–10 cm layer was collected into a plastic basin and completely 
homogenized by hand.  From each layer, a well-mixed 5 cm3 wet volume sediment 
subsample was taken and resuspended to 25 mL with filtered seawater.  A 10 mL 
subsample of the 25 ml sediment slurry was sonified using a Branson Sonifier 250 
affixed with a 1.25 cm disruptor horn at a constant 40-W output for 1 min, and sieved to 
yield a clean, 20–80µm size fraction (Anderson et al., 2005). 

Alexandrium fundyense cysts were counted in a 1-ml Sedgewick Rafter slide according to 
standard methods for cyst identification and enumeration (Anderson et al., 2003) using 
primulin to stain the cysts (Yamaguchi et al., 1995).  For this, 10 mL of processed 
sediment was preserved by the addition of 0.75 mL, 100% ACS grade formalin and 
returned to 4 oC for at least 60 min.  This sample was then centrifuged for 10 min at 
3000xg, the overlying water aspirated, and the sediment pellet was resuspended in 10 ml 
ACS grade methanol and stored at 4 oC for at least 48 h.  The sample was centrifuged and 
aspirated as before, and resuspended in 10 mL Milli-Q water.  Following centrifugation 
and aspiration, 2 mL of primuline stain (2 mg mL-1) was added.  The sample was 
incubated in the dark at 4 oC on a rotating mixer, centrifuged and aspirated, and washed 
with 10 mL Milli-Q water, centrifuged and aspirated again, and the stained sediment 
pellet was brought up to 3 to 14 mL with Milli-Q water depending on the volume of the 
stained sediment pellet.  A one mL subsample was enumerated using a Zeiss Imager 
microscope at 100X total magnification under blue light epifluorescence (Chroma filter 
set 19002, Chroma Corp, Bellows Falls, VT). 

Table 1 shows the results of the sediment coring and cyst analysis, and Figure 19 shows 
the location of the samples and the distribution of cyst abundance.  Cyst concentrations 
ranged from 0 (central marsh sites) to values as high as 2,446 cysts/cm3 in the top cm of 
sediment.  The latter site was near Mill Pond and Roberts Cove.  Other high values were 
also in the areas closest to the mouths of the salt ponds.  Concentrations in the 1-10 cm 
fraction were generally much lower than the surface counts at each station, except at 
station F near Roberts Cove, where 2,941 cysts/cm3 was measured.  Note that these 
values represent the average cyst abundance over that 9 cm layer. 

These 2015 cyst samples were collected and analyzed to allow comparisons between the 
limited number of samples collected now, and those collected in more extensive, marsh-
wide system surveys in 2008, 2009 (Crespo et al., 2011) and 2011 (Ralston et al. 2015).  
Figure 20 compares cyst abundance at sampling sites from 2008, 2009, 2011, and 2015.  
It is immediately apparent that the general distribution of Alexandrium cysts in the area to 
be dredged has not changed over these years, and it is also clear that cyst abundance has a 
similar range to that measured in other years.  This is an important observation, and the 
main justification for taking the samples, as it demonstrates that cyst abundance and 
distribution within the estuary are generally similar among years.  Since the dredging 
program, if found feasible by the Town, will likely be several years from now, there is 
confidence that these measurements, and those in the recent past, are a realistic 
representation of the situation at the time the dredging may eventually occur. 
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Figure 19. Map showing cyst coring locations and cyst counts.  White boxes near 
each station show the Alexandrium cyst abundances (cysts/cm3) in the 
top cm (top line) and 1-10 cm layer (bottom line).
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Table 1. Summary of 2015 red tide cyst sampling and analysis. 

Core ID Latitude Longitude Core 
Recovery (ft) 

Collection 
Date & 
Time 

0-1 cm 
Alexandrium 

cysts/cm3 

1-10 cm 
Alexandrium 

cysts/cm3 

Sediment Type 
(visual) 

A_ 039-1 41o49.256 69o56.544 1 
12/10/15 

11:30 
0 0 Sandy 

B_ 038-1 41o48.876 69o56.504 0.4 
12/10/15 

11:05 
0 9 Course sand 

C_ 036-1 41o48.657 69o56.556 1.2 
12/10/15 

12:22 
147 25 

Light sand to 
dark black 

D_ 024-1 41o48.32 69o57.059 0.8 
12/10/15 

12:51 
229 59 Dark silt 

E_ 025-1 41o48.175 69o56.911 1 
12/10/15 

13:04 
578 466 Mud 

F_ 027-1 41o48.031 69o56.756 0.9 
12/10/15 

13:40 
2446 2941 Light sandy silt 

G_ 022-1 41o48.668 69o57.143 1.2 
12/10/15 

10:21 
288 206 Sandy silt 

H_ 018-1 41o48.86 69o57.437 0.8 
12/10/15 

14:07 
412 34 Dark silt 

I_ 016-1 41o48.709 69o57.841 0.8 
12/10/15 

14:22 
299 267 Sandy silt 

J_ 010-1 41o48.247 69o58.384 0.9 
12/10/15 

14:40 
287 120 Sandy silt 
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Figure 20. Comparison of cyst abundance at the 2015 core locations with data 
from previous cyst surveys in 2008, 2009, and 2011. 

 
Red tide cysts in dredged sediments 

Observed sediment cyst concentrations and information on the Town’s conceptual 
dredging plan were used to estimate the abundance of red tide cysts in the dredge 
sediment.  The FVCOM model grid bathymetry was used as the basis for the calculations.  
Cyst concentrations observed at the sample locations were interpolated to the model grid 
using an inverse-distance weighting approach.  The near-surface (0-1 cm) cyst 
concentrations were used for the spatial distribution.  To augment the 10 stations sampled 
in November 2015, additional near-surface samples (0-1 cm) from the most recent cyst 
survey of the full estuary during Nov 2011 were utilized (Figure 15).  The approach is 
reasonable given the strong similarities in spatial distributions of cyst abundance across 
the multiple years of surveys, including those from November 2015 (Figure 20). 

The total volume of dredged sediment was calculated by comparing the model grid for 
the 2015 bathymetry with the grid representing the dredged channel.  The amount of 
material to be removed during the dredging was calculated to be about 73,000 cubic 
yards, similar to the volume calculated from the bathymetric surveys.  The cysts 
associated with the dredged material were assumed to decrease linearly from the near-
surface abundance mapped to the model grid to 0 cysts at 10 cm depth, and equal to 0 in 
any material below 10 cm.  Cyst abundances typically decrease rapidly in the bed over 
depths of about 10 cm (Figure 17).    
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Assuming that the cyst concentrations decrease linearly from the surface concentration to 
0 at 10 cm depth, and that there are no cysts below 10 cm, the total number of cysts to be 
removed during dredging was calculated to be 2.2 x 1012.  Dividing that by the dredge 
volume, an average of concentration in the dredged material of 40 cysts/cm3was 
determined.  

2.7 PAST DREDGING ACTIVITIES 

Information on past dredging activities in Nauset Estuary was obtained from the 
Massachusetts Department of Environmental Protection (DEP) and the Division of 
Conservation and Recreation (DCR).  A total of four (4) permits were identified with 
issue dates between 1924 and 1974  Table 2 provides a summary of the relevant permit 
information and Figure 21 shows the locations of the specific activities. 

Table 2. Historical permits for Nauset Estuary dredging and associated 
placement. 

Permittee Permitted Activities Permit/License No. Issue Date 
Mass DPW/ 
Waterways 

Dredging at 3 sites with 
placement at 4 in-harbor sites 

Contract No. 97 May 24, 1924 

Town of Orleans 
Maintain bulkhead, piers, 
dredged & fill 

License No. 6256 Aug. 1, 1974 

Goose Hummock 
Shop 

Maintain bulkhead, piers, 
dredge & fill 

License No. 5853 Dec. 22, 1971 

Esther & Melville 
Richardson 

Dredge & fill License No. 4844 Jul. 28, 1964 

 

 

Figure 21. Historical dredging and disposal activities in Nauset Estuary. 
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3.0 DREDGE AND DISPOSAL PLAN FORMULATION 

3.1 TOWN DREDGE CONCEPTUAL PLAN 

The Town of Orleans is investigating the feasibility of a dredging program in Nauset 
Estuary that would improve navigation and public safety.  Current shoaling in the channel 
makes access to the Town landings difficult and dangerous during certain tides.  The 
conceptual channel layout, seen in Figure 1, would facilitate safe passage for navigation 
not only through the inlet and behind the barrier beach, but also to the key Town 
landings, such as Priscilla Road, Snow Shore Road, Tonset Road, Asa’s Landing, Goose 
Hummock, and Cove Road, as well as other locations in Town Cove.  

To accommodate local boating needs, the Town is investigating a channel design that is 
100 feet wide at the base, with 1V:3H side slopes extending an additional 15 feet on each 
side.  The main stem of the dredge channel would extend just over 4 miles from Nauset 
inlet to Town Cove.  A secondary channel, approximately 4,500 feet long would extend 
south from the main channel towards Robert’s Cove, to provide access to Tonset Road, 
Snow Shore Road and Priscilla Road Landings.  The channel would be dredged to a 
depth of -5 ft at MLLW.  

3.2 DREDGE ZONE LAYOUT 

The conceptual layout takes advantage of the existing channel and will require significant 
sediment removal in only a few locations.  Figure 5 shows the existing shoals, according 
to the 2015 bathymetric survey.  The major shoal locations are near the inlet and behind 
the barrier beach, at the first bend in the channel to the south of Nauset Marsh, and 
towards the upstream end of the channel in Town Cove.  However, due to the dynamic 
nature of the shifting inlet and the resulting change in currents, the exact locations of 
these shoals changes from year to year.  Consequently, the specific areas that need to be 
dredged today may be different than the areas that need to be dredged a year from now.  
Given the current bathymetry an estimated total of 80,600 cubic yards of material would 
need to be removed from the channel to meet the conceptual design described in Section 
3.1 (Figure 22).  This includes approximately 68,000 cubic yards from the main channel 
and approximately 12,600 cubic yards from the southern channel. 

Due to the dynamic nature of the estuary, the Town is considering an adaptive 
management approach that would permit a larger dredge zone, rather than a specific 
channel.  This zone is wider than the specific channel layout, and allows flexibility in the 
future for choosing the optimum dredge route along the deepest part of the natural 
channel to minimize the volume of dredge material.  As part of this feasibility study, a 
potential dredge zone was developed for Nauset Estuary based on historical variations in 
the natural channel (Figure 22).  At minimum the dredge zone is 300 feet wide near the 
entrance to Town Cove, and increases to nearly 1,500 feet wide near the inlet.  In total, 
the dredge zone covers approximately 390 acres.  However, despite the much larger size 
of this zone, any particular dredge project would be limited to a 100-foot wide channel 
within that zone.  The total area of dredging in the main channel would not exceed 66 
acres and the total area in the channel leading to Priscilla Road Landing would not 
exceed 13.2 acres.  This adaptive management approach would allow the Town to select 
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a slightly different path for the dredged channel in order to capitalize on the existing 
channel thalweg, and to minimize costs by removing as little sediment as required.  

 

 

Figure 22. Extent of dredge zone and 2015 channel layout. 
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decreasing as the channel has lengthened and the friction increased (Figure 25).  The data 
show a 20% decrease in tidal amplitude over the 5 year period of observation.  A similar 
decrease in water level was observed in measurements from Salt Pond.    

 

Figure 24. Model bathymetry based on (left) 2015 bathymetric soundings, and 
(right) channel dredged to -5 feet MLLW. 

 
Model simulations are generally consistent with the observed trends.  For example, 
simulations with the current 2015 bathymetry have a lower tidal amplitude in Town Cove 
(and the other ponds) than the previous model simulations based on bathymetry surveys 
through 2009 (Figure 25).  In the model, the effect of dredging is to make the tidal flow 
less frictional, increasing conveyance into the ponds and increasing the tidal amplitude.  
Therefore, expected effects of the dredging are to restore tidal amplitude to values similar 
to the model results using the older bathymetry and the observations from 2009-2011. 

In the model, tidal velocities and bottom stresses increase modestly in the vicinity of the 
proposed dredging (Figure 26).  The changes in bottom stress, which are important for 
determining sediment transport, are due both to the increase in water depth and the 
increase in tidal amplitude.  The estuary remains strongly flood dominant, continuing to 
favor sediment import and accretion. Bed stresses with the proposed dredging are greater 
in the current configuration only in a few locations, which likely correspond with regions 
that are currently depositional.  In general, the dredging project is not expected to result 
in increased shoreline erosion within the estuary as the system is expected to return to 
conditions that existed previously.  Longer term, shifts in tidal amplitude, bottom stress, 
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and sediment transport depend as much on inlet position and dynamics as on the channel 
depth.   

 

 

Figure 25. Modeled and observed tidal amplitudes in Town Cove. (top) Modeled 
water level using 2015 bathymetry vs. the dredge configuration. 
(bottom) Tidal harmonics based on observations (filled squares) and 
model results (open circles).  Model results are based on simulations 
using bathymetry from 2009, 2015, and the dredged channel. 
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Figure 26. Modeled bottom stresses (average over 2 days) for the current 

bathymetry (left) and bathymetry with the proposed channel (right). 
Impacts on distribution of red tide cysts 

There are several ways that the dredging might alter the dynamics and distributions of 
Alexandrium blooms within Nauset Estuary.  One is that the mechanical or hydraulic 
dredging operations will resuspend sediments that contain Alexandrium cysts, 
redistributing those cysts within the marsh, and, depending on the timing of the dredging, 
provide conditions that are suitable for germination.  The latter concern can be eliminated 
by dredging between December and February when the cysts are generally incapable of 
germination. 

The redistribution of cysts in also not a major concern based on the following reasoning.  
The estuary is strongly flood dominant and retentive, so resuspended sediment and cysts 
will likely deposit within the estuary, either on the marsh platform or in regions of lower 
velocity like shoals at the channel edges or in the salt ponds. It is, however, not possible 
to estimate the total number of cysts that will be resuspended during dredging, as this will 
not be constant across the marsh due to variable cyst abundances and sediment types in 
the areas to be dredged.  Previous coring data have shown that cysts are most 
concentrated in the top few cm of the bed, and that concentrations decrease rapidly within 
about 10 cm from the surface.  The dredging depth would generally be much deeper than 
10 cm, and thus the cysts in the surface layer will be mixed and diluted with the deeper 
bed material.  The calculation described in Section 2.6 estimated an average of 40 cyst/ 
cm3 in the dredged material, and it is reasonable to assume that the sediment and cysts 
released to the environment during dredging will have a similar average concentration.  
Resuspension experiments in test plots in Roberts Cove found that cysts settled at rates 
similar to silt-sized sediment (Anderson and Ralston, unpublished data), so the cysts and 
silt can be expected to be transported in the estuary similarly.  Silt is most commonly 
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found in the lower energy regions of the system, including the salt ponds and shallow 
side embayments, and in these regions the background cyst concentrations range from 
several hundred to several thousand cysts/cm3.  The addition of newly remobilized 
material with an average concentration of around 40 cyst/cm3 would not increase the cyst 
abundance at the bed surface in these depositional areas, nor would it be expected to 
increase the magnitude of Alexandrium blooms.  

Alternatively, the total number of cysts in the dredge material is estimated to be 2.2 x 
1012.  Using a similar approach, the total number of cysts in the estuary in the top 1 cm of 
the bed is estimated to be 6.6 x 1013, and the total number in the top 10 cm of the bed as 
3.3 x 1014.  Estimating that the loss rate of resuspended material during dredging 
operations to be 1% (Palermo, et al., 2008), the total number of cysts released during 
dredging would represent an addition of about 0.03% to the cysts in the surface layer. 
Again, this would not be expected to increase the magnitude of Alexandrium blooms.  

The changes in tidal amplitude in the estuary associated with dredging that were 
calculated by the model may have impacts on red tide cysts that are difficult to quantify.  
An increase in tidal range could enhance flushing of the salt ponds, potentially reducing 
the accumulation rates of Alexandrium cells in the ponds and bloom intensity (Ralston et 
al. 2015).  Larger tides may also increase bed stresses in the system, remobilizing and 
redistributing fine sediment and associated cysts.  This could increase the population of 
cysts that are available to germinate, although as with the sediment released during 
dredging operations, the expectation is that the fine sediment and cysts would accumulate 
in regions that already have high cyst concentrations.  An important point in assessing 
potential effects of a change in tidal amplitude is that the model predicts a return to tidal 
conditions similar to that of several years ago rather than a significant increase over the 
historical range.  As the Nauset inlet has migrated north and the entrance channel both 
extended and shoaled, the estuary has become more frictional, accounting for the 
decrease in tidal range. The proposed dredging would reverse some of that decrease, but 
the tidal regime and any effects on the harmful algal bloom would be similar to 
conditions from a few years ago.  

Red tide impacts associated with the various placement alternatives shown in Figure 23 
present no major concerns or negative impacts.  For the dune enhancement alternatives, 
most cysts in the sand will be buried in the dune, such that few, if any, will be washed 
back into the water.  As the sand dries out, the cysts will desiccate and die.  With the 
upland/coastal beneficial reuse alternative the primary concern with respect to 
Alexandrium cysts is that during the dewatering process, cysts might be carried into Town 
Cove with the water that drains from the sediment pile.  But, sand and silt act as filters when 
piled in the holding area, so most cysts will be strained from the water as it drains through the 
tortuous path of the sand, silt, and clay particles.  With the marsh restoration option, the 
dredged sediment and associated Alexandrium cysts will be trapped by the Spartina and 
other marsh grasses.  The cysts will thus be placed in an environment where they are 
likely either to die, due to repeated cycles of inundation and drying with the tides, or to 
be buried into anoxic sublayers of sediment, where they will remain dormant until they 
die.  The subaqueous placement alternative has considerable promise to be effective and 
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environmentally benign, but it should be pursued as a pilot research study first to 
demonstrate the principle of using sand deposition to suppress cyst germination. 

Impacts requiring further study 

Given that FVCOM shows changes in tidal amplitude with the dredging project, it is 
likely that the project would also result in changes to tidal flushing and water quality.  
However, these impacts are not expected to result in significant harm since the system 
will be returning to conditions that existed previously.  If the Town proceeds with the 
project it will be important to quantify these potential impacts.  In terms of sediment 
transport and shoreline erosion, the dredging is not expected to result in significant 
differences.  However, one area that requires further examination is the southern channel 
leading to Priscilla Road Landing.  While the FVCOM model does not indicate 
significant changes to hydrodynamics in this area caused by dredging, the potential for an 
increased risk of breaching at the historical 1930’s location near Nauset Heights should 
be evaluated further.  If adverse impacts are noted, it may be possible to evaluate 
different dredging scenarios (narrower, shallower) that would reduce the potential for a 
breach in this location.  If the Town proceeds with the project, it will also be necessary to 
evaluate potential impacts to existing resources such as shellfish, wetlands, shorebirds, 
etc. through more detailed surveys. 

4.2 ENGINEERING FEASIBILITY 

The engineering feasibility of the project was evaluated by looking at two primary 
aspects of the project.  The first was the ability to maintain a dredged channel to the 
desired width and depth without frequent maintenance dredging.  The second included an 
evaluation of viable construction methods given the dredge channel layout and available 
placement options.  Although determining specific time frames for the former is difficult, 
based on preliminary hydrodynamic modeling and long-term knowledge of the 
geomorphology of Nauset Inlet and Nauset Estuary, rough projections of the lifetime of 
the dredged channel can be made.  Because of the dynamic nature of the inlet and barrier 
beach, the portion of the channel immediately behind the barrier beach and near the inlet 
would likely require maintenance dredging every 1 to 3 years to maintain the channel 
design.  In the event that a new breach forms to the south near Tern Island, the channel 
area behind the barrier beach would be abandoned, and maintenance dredging would only 
be required in the channel leading to the breach.  Post-dredge shoaling rates in the interior 
channels are difficult to predict without a detailed sediment transport model; however, it 
is likely that these areas would receive small volumes of sedimentation and would require 
infrequent maintenance dredging. 

The second engineering consideration involves which construction methods are viable 
given the channel layout, available placement options, and equipment 
limitations.  Because there are technical limitations to how far dredged material can be 
hydraulically pumped, the limits on appropriate placement sites were assumed to the 
4,000 and 11,000 ft from the dredge locations.  These two distances coincide with the 
Barnstable County Dredge capabilities to pump dredge material without and with a 
booster pump.  Because Nauset Beach is approximately one mile south of Nauset 
Estuary, material can only be hydraulically pumped there with a booster pump attached to 
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the pipe (Figure 23).  Alternatively, Nauset Spit is much closer to the proposed dredge 
areas, and could be used as a placement site for material pumped from within 4,000 feet 
using a hydraulic dredge, even without a booster.  By adding a booster pump, material 
from much of the proposed dredge area could be pumped to this location.   

Finally, due to the length of the dredging project, areas of the channel in the vicinity of 
Town Cove are more than 11,000 feet from either beach/dune disposal site.  As such, the 
distance limitations of the County Dredge, even with an attached booster pump, rule out 
the possibility of utilizing a hydraulic dredge to remove the material from this portion of 
the channel (Figure 23, right panel).  Instead, the material will need to be mechanically 
dredged, and barged to a shorefront location for offloading and trucking to an approved 
site.  Water depths in the estuary would not allow for a fully loaded barge to be towed to 
the eastern side of the system so the material could be used on Nauset Spit.  Instead, the 
likely destination for any mechanically dredged material, regardless of grain size, from 
the Town Cove portion of the channel would be Goose Hummock Landing. There, it 
could be offloaded at the existing bulkhead, dewatered in the parking lot if necessary, and 
then trucked to Nauset Beach for dune enhancement or some other approved location.  

4.3 REGULATORY FEASIBILITY 

Any dredging project in Massachusetts requires certain permits and certificates.  Based 
on the 2015 channel layout, which includes removal of approximately 80,600 cubic yards 
of sediment from over 79 acres, regulatory review will be required by the Massachusetts 
Environmental Protection Act (MEPA) and the Cape Cod Commission in the form of an 
Environmental Impact Report (EIR) and District of Regional Impact (DRI).  The current 
plan exceeds the regulatory threshold for the EIR, which is alteration of ten or more acres 
of a wetland (11.03(3)(a)1a).  It may be possible to file an Expanded Environmental 
Notification Form (ENF) with MEPA requesting a waiver from the requirements of an 
EIR.  This would reduce permitting costs and timing, but at this point it is unclear if 
MEPA would accept this request.  It may also be possible to scale the project back so the 
EIR threshold is not triggered, but this would require a significant reduction in project 
scope which may not meet the objectives of improving navigation and public safety. 

Since the channel layout includes sections in both the Town of Orleans and the Town of 
Eastham, a separate Notice of Intent will need to be filed with each town’s Conservation 
Commission.  In addition, other standard permits for dredge projects, such as a 
Massachusetts DEP Water Quality Certification, Chapter 91 Permit, Coastal Zone 
Consistency, and a USACE Individual Permit will also be required.   

Although certain activities are prohibited or more strictly regulated within the Cape Cod 
National Seashore (CCNS), this dredge plan would not require additional federal 
permitting because of its location within the CCNS.  However, close communication with 
the CCNS will be important if the project proceeds.  Placement options on Town owned 
land, shown in Figure 23 in Section 3, also do not trigger the need for permitting with the 
CCNS. 

Table 3 summarizes the list of permits that would be required to implement the dredge 
plan.  The table details the type of application, agency responsible for issuing each 
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permit, the duration of the permits, and the estimated cost associated with preparing and 
applying for each permit.  Combined, the cost for all permits necessary for this project is 
estimated to be approximately $141,000.  If the requirement for an EIR/DRI can be 
waived the cost for permitting could be reduced to approximately $75,400.  Although an 
exact time line for applying for and receiving all the permits is not possible to develop at 
this time, it is likely to take between 2 and 3 years. 

This feasibility study collected a limited amount of data, to help evaluate the feasibility of 
the project, but more detailed data will be required for actual permitting.  Based on past 
experience from similar projects, a list of additional data needed to support the permit 
applications has been developed and is summarized along with associated costs in Table 
4.  To complete all the additional data collection would cost approximately $195,900 and 
would take approximately 1 year to complete.  

Combined the cost of permitting and additional data collection would range between 
$271,300 and $336,900 depending on whether or not an EIR/DRI review is required. 

Table 3. Required permits for the Nauset Estuary dredge project. 

Application Agency Permit Duration Cost 
Expanded Environmental 
Notification Form  

MEPA Not Applicable $17,400 

Environmental Impact 
Report/ Development of 
Regional Impact Joint Filing 

MEPA/ 
Cape Cod Commission 

Not Applicable $65,600 

Notice of Intent 
Orleans Conservation 
Commission 

3-Years, possibly 
up to 10-Years 

$15,000 

Notice of Intent 
Eastham Conservation 
Commission 

3-Years, possibly 
up to 10-Years 

$15,000 

401 Water Quality 
Certification 

MADEP Wetlands & 
Waterways 

5-Years $8,000 

Chapter 91 Waterways 
Permit 

MADEP/ Waterways 10-Years $8,000 

MCZM Federal Consistency 
Determination 

MA Coastal Zone 
Management 

Not Applicable $5,000 

MA Individual Permit 
Army Corps of 
Engineers 

10-Years $7,000 
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Table 4. Data collection activities and estimated costs to support permit 
applications. 

Data Collection Activity Estimated Cost 
Resource area surveys (wetlands, shellfish, eelgrass, shorebirds) $23,000 
Beach and dune topographic surveys $7,800 
Bathymetric surveys (Pre- and Post-Dredge) $18,400 
Placement site Monitoring $9,100 
Vibracoring and beach sampling for grain size $42,500 
Refined hydrodynamic modeling $77,700 
Engineering design and plans $17,400 
Total $195,900 

 

4.4 CONSTRUCTION COSTS 

Construction costs are contingent on a number of factors, including mobilization costs, 
dredging costs, disposal costs (in the case of mechanical dredge), and whether or not a 
booster is utilized (in the case of hydraulic dredging).  Mobilization costs to get the 
County Dredge to Nauset Estuary are approximately $25,000 per dredge event.  The cost 
for actual dredging, however, depends on whether a booster pump is utilized.  Without a 
booster pump, dredging costs $9 per cubic yard.  With a booster pump, dredging costs 
$13 per cubic yard.  There are no specific disposal costs associated with hydraulic 
dredging because the material is pumped to the placement site as it is being dredged, 
although some land-based, mechanical equipment such as bobcats and bulldozers may be 
required to spread and grade the material, which would add additional costs to this 
method. 

Mechanical dredging is more costly.  The mobilization cost for a mechanical dredge is 
approximately $150,000.  The cost of actual dredging is $43 per cubic yard.  Unlike 
hydraulic dredging, the mechanical dredging would also incur a rehandling and trucking 
fee of approximately $43 per cubic yard.  If the material was not reused beneficially, and 
taken to a landfill for use as daily cover there would also be a tipping fee of about $37 per 
cubic yard. 

Given the volumes of sediment present in different areas of the channel layout (Figure 
22), and the limitations of what dredge method and placement site can be utilized for 
each of the areas (Figure 23), the cost of dredging each channel area has been calculated 
(Table 5).  Assuming that the entire 80,600 cubic yards of material is dredged from all 
three channel areas in Nauset Estuary, the costs would range between $1.5 and $1.7 
million.  If sediment dredged from channel areas 1 and 3 (Figure 23) is used beneficially 
for dune restoration at Nauset Beach, it could save the Town between $900,000 and 
$1,200,000, which is the estimated cost for purchasing and spreading sand to restore the 
dune (Woods Hole Group, 2016). 
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Table 5. Estimated construction costs for dredging Nauset Estuary. 

Dredge Method Channel Area 11 Channel Area 21 Channel Area 3 
Hydraulic w/o Booster $430,900   
Hydraulic w/ Booster $611,300 $398,100  
Mechanical   $734,800 
1: Includes $25,000 mobilization/demobilization fee 
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4.5 SUMMARY OF FEASIBILITY FACTORS 

Sections 4.1 to 4.4 describe the various feasibility considerations for the Nauset Estuary 
dredging project.  These considerations encompass environmental, engineering, 
regulatory, and financial concerns involved with this project.  To better facilitate an 
understanding of all these project components, the major findings from each feasibility 
category are summarized below in Table 6.  The Town can use this summary, as well as 
the detailed information presented in this report, to determine the overall feasibility of 
this project, based on their needs, available funding, and required time frames.  

Table 6. Summary of project feasibility. 

Feasibility 
Category 

Summary 

Environmental 

• No adverse impacts are expected due to dredging in areas 
with red tide cysts provided the work is done between 
December and February. 

• Potential impacts to shellfish and water quality will require 
further study to be determined. 

• Because no eelgrass is present in Nauset Estuary, no impacts 
are expected to this resource. 

Engineering 

• Combination of hydraulic and mechanical dredging 
• Placement can be through nearby beneficial reuse and offsite 

upland transport 
• Lifetime estimates for the dredged areas range from a low of 

1 to 3 years immediately behind the barrier beach to higher 
lifetimes with infrequent maintenance dredging elsewhere. 

Regulatory 
Constraints 

• The total cost to complete all necessary additional data 
collection and prepare and submit all required permits is 
estimated to be $336,900. 

• It will take approximately 1 year to complete all additional 
necessary data collection, and an additional 2 to 3 years to 
apply for and acquire all permits necessary to commence 
work 

Construction 
Costs 

• Construction cost for the entire project range from $1.5 to 
$1.7 million. 

• Beneficial reuse of the dredged sand could offset the costs of 
dune enhancement and phased retreat at Nauset Beach by 
approximately $900,000 to $1,200,000. 
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APPENDIX A. CORE LOG DESCRIPTIONS 
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APPENDIX B. LABORATORY GRAIN SIZE RESULTS 
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